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(57)Abstract 

PROBLEM TO BE SOLVED: To solve the problem that a high-permittivity 
film is applied instead of a conventional Si02 film when the film thickness of 
a gate insulating film is a 2 nm or less in terms of an Si02 film, that 
suppression of a leakage current must be realized, that a thin film must be 
realized, that a threshold voltage is shifted due to the generation of a fixed 
electric charge, and that a drain current is dropped due to the deterioration 
of a mobility in a gate insulating film manufactured by a conventional 
technique. 

SOLUTION: The Si02 film in 0.5 nm or more is formed in the interface 
between an Si substrate (a polycrystal silicon gate) and a high-permittivity 
insulating film, and a temperature in the formation of the Si02 film is set at 
a heat treatment temperature or more in a later process. Consequently, as 
compared with the conventional Si02 film, the leakage current is 
suppressed to 1/100 or less, and a field-effect transistor comprising the 
gate insulating film in the thickness of 2 nm or less in terms of the Si02 film 
can be manufactured without generating fixed electric charges and without 
deteriorating the mobility. That is to say. the small power consumption and 
the large current of a fine field-effect transistor can be realized. 
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v % »tt*Sr*-rSAJHaWb«»«rfflv^-C»rilLfc, SiO 

v-y ='>&wii:±m&mm<mimtitiitmmzo. s 

2 ] ±CAMtft*tt, A 1 2 O 3 , Z r 

0 2 . Hf0 2 , ZrSi0 4 . Hf Si0 4 , Y 2 0 

3 , l a 2 o 3 * x<o*r±mmktom. t> l < a i 

20 3 tAl 2 0 3 ±l:«$llSZr02, Hf 
0 2 . ZrSi0 4> Hf Si0 4 , Y 2 0 3 , La 2 

im&m 3 ] v- y 3 y n yiftii 9 t 

i<^mm.mzm-rz,&mmtv>i&m\,^xMi&Ltz, sio 

^l;ft*Mf«l:o. 5 nm«±<DJ9$rofEi ->y =i 

y = M-i**^Xfc€a«c(C 0. 5 nmJ^iCDJP^O 

1 2 -> y 3 viJftiS; tt 5 r i: i f 5 fiftS 

So 

[if*«4] -LfE^SSMsfefi, AI2O3, Z r 

0 2 . Hf0 2 ,ZrSi0 4 . Hf Si0 4 , Y 2 0 

3 , l a 2 o 3 & if <o^±mmmm. t> l < a 1 

20 3 iAl 2 0 3 -hl-^fi)c$ix5Z r0 2 , Hf 
0 2 , ZrSi0 4 , Hf Si0 4 , Y2O3, La 2 

o 3 * ¥<D%i±mmit%)<Dm%m-eh2> z t £ -r 

[|f*JS5] v-y ^^Kts±ic^$^fcvy 

*3v^t, jbiev-y =>>-&m±iz±.m&m&tfc9o*Mi&-f 
^m^mstnmtnm^tomm-mkz a o x±m~> y = >- 

£ -kiS&MgMfcti £ 0 . 5 n m&L±<Dm%- 

[ff*«6] v-y =>-^±|c^fig$tLfcv/y =L>mt 

suroiii, -hfs^js^Ybfe±ic^ 1 v-y 

ISvy = >£«£ J:fE^JSKfkfet»#B(cO. 5nm 
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«-L<d£c^cds[| 2 v-y =j^KYbKfc-5vM4vy avsi 
[it*:5 7] ->y =^^mm±\cm^i%±^v =>>-mt 

i<? {fc4&Sr^fi&-f-5JS2roxm£, -hfem#3&jH h 9 ^-^ 
-hIEv-y =>>-S«i:±fE^«S&^W#ffifC0. 5 nm 

[fff*«8] v-y =<^s«±^^$Hfcv-y 

{bfe5r^-rs^2 0X^i:, JilS^SK^Ji^v'y 

=>^mts&&j&f&-rz>m3<D2:mb. ±iem#?a*h7 

>- i?^. ^ <o^xg©S±ia*<7jggYt;^ffl^om«iStr: 

0. 5 nm«±©f nySSM^WfSI 
4®Ht, y-K5r^fi)c^-.5^5coxa£Sr*-r5w 

a«^ii#ffl^cofi«i3uc: j; o -c Jiie i/ y =i >m&±\t 

0. 5 nmgt±©f^©i/!) =>K'fL^fc5VMav'y n 

>mmtm^B^t,-r^mi <DT.ub, ±iEv-y =^>mt 

t5H2©lSt. hSr^fSi-5^3roXS£$r* 

[ft*«io] v-y ^^ssji^^^Hfcv-y =>® 
sa^tD^-f^H^ofiMaictoTifEv'y =>>-a«± 

l£0. 5 nm«±Off^.»ffl y = 3 V Mi 

y =>^^*j5^tt±isv-y => ^&mtm±\£&mm 
it®*Mi&-rz>Wi2<nTMb. ±.m&mmm±.\z-Wi2 

->y=>ltM^t5l3©Igi, y— y*B& 

» [t»*« 1 1 ] ±ism^m h?^? ©Mil© 
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§MSii8 0 o°c&,±-<?bz>z. bZft'&t-r zm#n% 

5 ££«tff>¥Btt£B©8B2r&. 

6 &eft©¥B*gB4>»£;fr&:. 

7 &ett©¥Bft£B«>tt£;&&. 

[ft*« 1 4 1 ±lEm#^I» h 7 > v 5 * * W^Il© 

8 (cBfto^BttltBoBatfrBc. 
[If#JS l 5 ] ±f2B(fc#H*[©SI&*&ara: x 

[»jftJS i 6 ] ±iE&fc£ffl^©??&*Q.»;i:, o 2 iL< 

*m 5 £e£©¥B<*&B©£&3r8i. 

[iS#JS 1 7 ] JiBBftBBftajnaBN:* BE*** 

[f»*35 1 8 ] ±EIM:»BS.<Z>JIMQ9tt. 0 2 t>L< 
HtN 2 Ot>L<HtNO«r«v^TfT5 ri:SrWiti:-r*Bf 

[ssjrjs i 9 ] ±BBfl:£Bft©*Mastt, mizmm& 
2 0] ±«Ms9B4(«>in»att. o 2 1 l < 

(IN 2 Ot U< ttNOSr^VNTff 5 - t Sr#mti-5lf 
#1 7 lce4fc0¥tt{tiKBQ»ft*tfe. 

[IS*« 2 2 ] ±eKft*Hft0>JRMaaHu 0 2 tL< 
«N 2 O t L < ttN O SriH V vfff 5 - i &#ft t ft 
#1 8 C:ett©¥«*£B©S£*&. 

2 3 1 ±ssmit»mii<omimtis mizmm& 

ffl^ fe 5 1/ *l*#Bttft£Bft * -Cff 5 i b *<&m b -f 5 
»#*9 £EB©iMMf:3gB©S&2r&. 
[S*92 4] ±EKft:BB«.«>ffi4raH:. 0 2 t>L< 

9 KCtto^ifNUtoaiim 

Mf 2 5 ] ±E^fb^H^<ofifi«!.stt, mmmm& 

H*fcM*tt#Bft*B.B«+-Cfi 1 $ i t Sr#«i-*"5 
ft 1 0 t::Ett©¥BficgB©ttii:#&. 

1H*S2 6] ±1BBfls#H£<am4aBM:, 0 2 tL< 
tt N 2 O t L < » N O V >TfT 5 w t t -fi ft 

1 0 KBtt©¥Btt£B©SB:&&. 

[ft#« 2 7 J Jhe*Mttft:4fetf« A 1 2 O 3 . Z r O 
2, Hf02. ZrSi04. Hf S 1O4, Y 
2O3, La 2 0 34W±«8ft;ft, fcU<tt, A 
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l203tAl 2 03±l:««JJl5Zr0 2l HfO 
2, ZrSi0 4 , HfSi0 4 . Y2O3, La 2 0 

3 * b-<D*h±mmk®<nm®fm-eh s z b t -r 5 
tt*^ 5 c:£b©¥b#£b©b-&:*&. 

[H*52 8] ±By— h!6*!lSB*&«B^b»-C*>5T 
aN. T i N, WN, MoN, Z r N, H f N*»P>jSfi 
tufeW-efcS C b t -T SftjftiS 2 7 KEB©¥» 

#3£B©*!i£2fifco 

[ffl*^ 3 0 ] ±E&«B^4»aSZ r 0 2 fc£W*H f 
0 2 -Cfct), Iffiy-hi^Ii/DnyTfcD, -LE 
^JHBMblto b ±&&mgk*s y =2 ^©srtjfc i o 

m£*_k©ff*©->y a y»ftISrjg*t5 r £ «r#B t 
rsft#«5fc:E«©¥i*#3SB©Bji;*fi!fc. 
[ft#JS 3 1 ] liE&JRBfl:*^ AI2O3, Z r o 
2 , Hf0 2 , ZrSi0 4 , HfSi04, Y 
20 2 0 3 , L a 2 0 3 4ifO*±g»ftfe, tL<lt A 
l 20 3 iAl 20 3 ±|;MJil.5Zr02, HfO 
2, ZrSi04, HfSi04, Y2O3. La20 

3 4 if ©#±BiMt»©«B«-C*>* - & t -r s 
ft#>g 6 i:Ct«>%l#SI«>Sim 
[ft#3S3 2] h***BjftA«Bfls1fc-C*>4T 
aN, T i N, WN, MoN, Z r N, HfN^^Ili 
4xfcBT*«ii:*r|»«i-t-SB**3 1 me*©** 
*»B©«ifcSr2fe. 
[ft*£3 3] ±E^-h^ig->3aytjb5;t 
w *#mti-5it*«3 1 (cBB©^Bff»B©»B^ 
fe. 

[§»#JS3 4] ±E&BBYk4&^Z r 0 2 *>5VM4H f 

o 2 -efc | 9v ±E<^- h**Jt*'>y = yt-fco, ±ib 

m&.±<Dm^-(0^ y => >B^bBE«r»J«-r6 £ £ Sr#8fci: 
-TSfit#Jg6 i£:|Btt©^B«BB©HB^r8i. 
[ft*JS 3 5 ] ±eMM:«#. A 1 2 O 3 , Z r O 
2, Hf0 2 . ZrSi0 4 . HfSi0 4 , Y 
40 2O3, La 2 0 3 *if<Dt±«»ftfe, tL<« ( A 
1 2 0 3 iAl 2 0 3 ±l*MJ}l5Zr02, HfO 
2, ZrSi0 4 , HfSi0 4> Y2O3, La 2 0 

3 ft ^©#±SB^©as«-efc5 r. t fc^mt -r s 
7 KE«©*af ft^fi^sag^ai,, 

aN, T i N, WN, MoN, Z r N, H f N^Pjjgli 

[f»#JS3 7] ±mt , -hfr&%iM,~>V =Vt?fc5i£ 
50 «r«f«t-f-5li*«3 5fcE«©*Sfti:^B©K3t^ 
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ft. 

&M&<tVo k ±.%5.£&$ 1 i/ y = vosrsi- ±otiM 
m«±©f^-> y = ^mimzMffc-tz z. t *mw. t 

[IS*JS 3 9 ] JiCftJlflMstoa*. A 1 2 O 3 , Z r O 
2. Hf0 2 . ZrSi0 4 , HfSi0 4> Y 
2O3, 18 20 3^^0^88^, t>L<«U A 
l203tAl 2 0 3 ±l;MJJi5Zr02, HfO 
2. ZrSi0 4 , HfSi04. Y2O3, La 2 0 
3 <e ^rc»*±SS^<og(gKE-Cfe^ r k ?r#»it5 
8 KEtt©¥igft:3SB©«£;!7 ft. 

aN, T i N, WN, MoN. Z r N, Hf NA^Ili 

ft. 

imk&m&i'V =^y-ncti5*^fc®«no. 5n 

[fit#lS4 3 ] ±IE^«iftfl2#|dS, A 1 2 O 3 , ZrO 
2. Hf0 2 . ZrSi0 4 , HfSi0 4 , Y 
2O3, La 2 034W±iiSfl:^ tKli, A 
l20 3 tAl 2 03i:l:M$Jl5Zr02, HfO 
2, ZrSi0 4 , HfSi0 4 , Y2O3, La 2 0 

3 * k-<D%±mmm<Dmmm-?$>z z t zmmki- s 

aN, T i N, WN, MoN, Z r N, H f N^&flf 
nfclTefcS 4 SicCiko^* 

*3£B©Siii#ft. 

ft. 

±EA*BMb«asz r o 2 *>av^ttH f 

o 2 ±iay- his^avy ±is 

{&fei#M£->y =^y-Mc»E*ttfcffl«i^O. 5n 

mu.t'omfr'Di'y =>^mm$:M!$.Tzz.kzvfmk 

4 7 ] ±Eft jRttfls***, A 1 2 O 3 , ZrO 
2, Hf0 2 . ZrSi0 4 , HfSi0 4 , Y 

2O3, L a2 o 3 /j:ir©t±SKm t>L<ra, a 
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1 20 3 iAl 2 0 3 J:l:M$^5Zr0 2 , HfO 
2. ZrSi0 4 , HfSi0 4 , Y 2 0 3 . La 2 0 

fS*^ i o Kf5*©¥W#$SB<©»ii;trft. 

a N, T i N, WN, MoN, Z r N, HfN*>?j^tf 
ftfc*T*5C£*tt*fci-Sl»J«U 7 fcEtt©**! 
#£«<aS!jfe*rft„ 

/0 Sr#«i:-f-Sft*«4 7JdE«0DH £ *«:S?a©iJiiS*r 
ft. 

[ff3ft3g5 0] ±E&MijMfc4&#Z r O 2&5WiH f 
0 2 -Cfct). ±Ey- hiiS^iteA^y =ytfc») 1 _hE 

&mmkv>> k ±E#fes v y = j; o t^jsk 

<k« * y 3 >>f- h o . 5 n 

-rsit^i 0 icE«ro¥^iSBcDia3t^ft 0 
[it #55 51] ±E->y = >»SYk«tf*, v- y =• vsts 

y = >&w.i:mtir^TMk'tio^<omwm\zii^xm 
ft. 

trtfcLTJ'y =v^b^«rf^5!i-r5Xmi:->y = v£ 

■?<? y 3>SffiSrBEft-rsxSi:Np^©i»«i3S^J:oTi? 

*>3Wi N N 2 04 , w^a(cJ;oTJ15fig-rs 

w k *<&mk-rz>mimi o\zmML<D^mw-mm.<om^k 
^ft. 

[0001] 

&*r-r s **#*«&tf -t ©«a*fticH-r a. 
40 [0002] 

[tfc&o&ftf] *S«A»Ih]8 (LSI) roS^fflfgeiHl 
fk-^yav (sio 2 ) Srfflv^y— Mft»Ktt» nttt 

^^f^t4<STfc:J;oT, 2. 0 n m&,T<D&m-X-m%- 

\zmm-rz ttxbht^s. *fc, *o±5 4^s 
i o 2 « ; F»efe(-*f-r5S£»^y r*s^< ^sfc«>, y 

- h«i*»b©JF#fiftai*LSr9l#fii-r. Sblc, 
5» S i O 2 KSr*&-ttft < , ^ttjJgE«/«c«ig»J» 
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[0003] XftSft^attiMft&itXfcfrffi 
5iU >-^PS#Srfl-JKi--5fe*ic, SiO 

tts -mmrnrn (h i g h-K) w nmmmtim 

«r (zro 2 ) , /v7=r (Hf0 2 ) fcif^IV 

mmt%>. Tsm- (a i 2 o 3 ) , -< v mit (y 2 
o 3 ) 1 iKSftfe, r*i&&*»fb*is i 

o 2 @&#-?s>5->y<7--K fcirc&s, ivm 
». 1 1 1 KAMI:*** s t ^NifleoioMicy- htmm 
tLxmrnatnttm-chi. ua»u sio 2 K£s 

LTtt. 0)J*tf, Zr0 2 ^-K6W;ffl 
V^l#Mh7y^? (FET) ti I EDM' 99 
Tech. Digest pp. 145, 1999 
H f 0 2 *y-h|6*Ktefflv^«!MWRI»?>'5? 
^^112000 Symposium on VLSI T 
echnology Digest of Techni 
cAl Paperst, ttry-HMWtffl 
V , fcf^Ih7y^^llIEDM' 00 Tec 
h. Digest pp. 145, 2 0 0 0 {£15^ $ H 

11-135774 fciMRiMvtv**. 

[0 0 0 4] 

• K Wv-fc^frE^Sr&AI-SXg, T*B4*£rfiH4 
fcrsflOfclfifc^asiME-*-*. W:, £7£tt-fk 
-f-SipfiXiSrau 9fS©T*E«b^"n7r-r/Mc:«ij«ir5 

9 0 0tH±Ol«iJa*U\ S£oT. iftfim 
fW»«>5)45y- HfiltKf*, ±IE*DI^XS^^tpF 

[0 0 0 5] L*»L4iJfe, «*.tf % AI 2 0 3 &y- 
H*6lt»ca«bfcFETft»rilLfc«#, I E DM' 

00 Tech. Digest pp. 145, fcfEfi 

1 SFETfl77y h^>KSBE*^ jEfcflEflll:: 0. 3 

v»±*/7n, FET©eiMmmt3C{t:-t-s. *<t, 
^ (^ft«©#»ejM&#tt*#;ts#j^i»j») nut 

"*-r*jl/4-ca>3fcJt>, FETSrltif^^-ar^^roy— 
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*a**t«fc»i:%it6*trv^5. ftoT, Al 2 o 3 

[0 0 0 6] J^T, »M«f|cy-MUUi«)s i0 2 « 
MHI (EOT) £&<OJ; 5K*«-f S„ RSft#7 8 

4 nmW7t«rfflVfcaiy 7°y^— ^ail^TN H$fs£& 

1. 6 4»c@^lt#^,^5s i o 2 <7*- bmmmnm 

1 ox^S t ;©S i 0 2 y— hft&SI&Al 
^TML-tMO S t m CS^SSr toss 

it? &m#7—hm&fm(Ds i o 2 &M-&m (eot) &t 

[0 0 0 7] *^^<oa6<]l4, s i 0 2tfc*KJ9W/h£ 
[0 0 0 8] 

i-> ^^#e>«, sgi \zmmmft$mt s issra© 

5 i 0 2 lt F ET*H4<DB§fiUco^-C, f 2ICFET 
•?0 #ttt#SS i 0 2 8iW^figS«cOB§'^l-oV>T, Sl3 

l'FET#ttt^- b*tt#f*g>NflUcoV*TI&Mt::|| 

[0009] sit, m 1 \cmmmft#w t s i s«#jg 
<os io 2BLtFETVF&<t)M&ia\,^xmmi-z>. m 

iSIWSt Lt, --"CteA 1 2 o 3 ffil£0iJK:*£Jf 

•So A 1 2 O 3 WfESS^SxttU ^(TJii U t?foSo S i ^ 
*SiHS« (SRf 100cm, 8-0^) SrHFgfcj^L 
ECR^^y^MiaoTtlfAl 2O3R 

»«©«»«:Bi8»c*-ra9-cfcs. Ar 

fc„ -t LT> — femftffli, t X. 2. 45GH2©v/f 

nJKttJ*tt5 0 OW-CfcSo $P,jc:, 13. 5 6MHz 

T\ ? y V^Srfrofc,, RFttl^l(i5 0 OW-efo 

•S„ ro^gT-te, S i g&O&griSA 1 7*5/ 

&gri>e>a<. StKffifi^Xy* y ? v hffiic 

*rLT9 0° (BloJbfci, H>UTEi*nTV»5. $ 
— !7^i^Sr2 0 R PMT?@fe^Ht/j:ASf>ii 

ita+s r t *5 -c* So ^m^<Dii«ffi^{4 1x10 

~ 4 P a . tfxmA&f<OEEt)lZ 9 X l 0 ~ 2 P a "Cfc 

So 

[0010] A r <Dmfg;m& 25sccm, 0 2 eDfft*S 
S4r3. OsccmtL-T, A 1 9 — f y h&m&Wtit 
50 Lte\,^mXX'<-y f-rZ. S i ±\Zte&£tl1Z 3 On 
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m ©■**;*— i?=n*1Mtmz. icT^lfL^l, flg 
* K A 1 t 0*Si*-K^# U Jft»R*A 1 2 O 3 ^Cfe 
SitSrMLfc. ^oT, y * £*tfcA 1 S 
i S«±T E C R 7 9 * CDS§3? fc i o TSHt $ *U 
Al 2 0 3it4«;ti«t»^5. Al 2 0 3 ffll©^IBI 

loon] ai 203/s i #mos i o 2 lf Jis-c 

tAl 2 o 3 ISri2^Jt«u £ktc, P-|gttrt 

T?4 5 ot,^ 1 ottm<nn2t<pmi&m (a r & 

^7X!0- 4 Torr) SrJ6L*:&fc, 

fib. lnm~0. 2nmT?*5. ±iE®l££e> 

fc»fl:tt#H*-c«naai-5r ti^otA 1 2 o 3 / 

S i #SI^S i O 2 ®£f&S TEMaiJ^l^io 
T^LfcAl20 3 Wlf|12. Onm±0. lnm 

S i 2 pg^tA 1 2p^(nxPS^ h/u^ 
■to 3Cl?o«IHA*tt, »W*iiK:¥fTft;Sfi*ilc*tL, 
T3 0° W*-|6]-CfcS„ S i 2 pif^^t^ h/Hcm^ 
5Sig|g©Si-Si (Si°+) H^-at*^— fc 
9 9. 2eVtt5;ft?x^-fl:f^LtV^ 
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^it, s i 2 p jtm^otftmRtt^r , a 1 2 p m 

-y-*-^ h^fc*aLTl*Sftfc7 5. 7eVOg^ 
x^/^-SrttStf-? (Al 2O3WAI 3+ ife-a- 

©BSf-eatte-fbL-cv^,, — J,, s 1 2 P g^ 

^^^10 3. 5eV-104. 0 e V KMSH £ fx, 

S i 0 2 tt* (S i 4+ ) -Cfc5 0 
*©JK»fcS i ° + U S i 4+ »AiJJt* 

l-ci^sowu zcommc&ms i o 2 i^f 

Si itwtiS-fSo Al 2 0 3 ^J? (=2. Onm) 

u is©s i 0+ M-a-^is^fe5ita^att^'>-f 

5„ S i 2 p*.^ h/HcaiSiJ^n^ S i -O (S i 
4+ ) «tetf-*iB«$Tl s i-o, SScDS i-S i 
(S i 0+ ) ^lf-^®aSr I s i , 3tl?©¥iSS 
*tT^€r X t -fZ> t , S i O 2 MJ? dxpst® 

fflt-&<£>B8{85£ (1) &f8.iL-rzz.b&*a<bivx\,^z> 

(A p p 1 . Phys. Lett., 78(199 
6) 6 6 5 3) „ 
20 [0012] 
fell 



> =K^{d m U sia2Q')-\} ( K a ^ * ) 



( 1 ) 



[0 0 13]^t5j, X = 3. 9nm, K=0. 45iL 
TS iO z mW- (d XPS ) Srifc^ufc. ±15 (1) 5£ 
IUoT*SLfcSi0 2 gf(dxps)li, y>*te 

±ot »^s i0 2 ISd EL td EL = d X ps 
+ 0. 4 nm£>B8fiU;:fc5„ wtUi, xy/y^-^-;. 

-H**««fc*JfcLfcAl/Al 2 0 3 /S i 0 2 / 
S i ^t^->?©^«)|gfEOTIiS i 0 2 #ffig|jp: 

Jt 0 *fc, mi 0IC^$tt5EOTK»A 1 2 0 3 ^[J$fi!c 
#tt*»6Al 2 0 3 «ffSr*Bte^.fllL.fcB| ff jjij|ij BS ^ 
i 0 2 If|;ffiat5 P B 1 0*»£>**L.fcj|LaBS i O 
2 BIJ¥t (l) S;Sr«v%-c»*LfcS i O 2 fltjy*o. 

fficos i 0 2 ffilJ¥$r 
[0014] 
[Si] 
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[0015] itfiws i o 2 mmi>m^^m# 0 

OUT, m9\Ziji£jvZ)A 1 2 pffCXP SX-<? h 
/H^ftl-TSo A 1 2 0 3 (D^-g-^Sr^-t- A 1 3+ ijt 
(7 5. 7eV) <9 i>&^*;U*-M (7 

3. 6eV) {Zif-ir&mfflZtlit. iCl^-^li, ^ 
A A 1 <D A 1 0 Wifg^g (72. 8 e V) |£j£^tf> 
T?« Al-Al-O (Al 1+ ) ft if© J: 5»CA 1 2 0 

* XPS ^ h^liict, ;©A 1 ^l^i^tt 
ft (A 1 O x ) 14, A 1 2 O 3 t S i S i £ 

#I»Si0 2 l8)l^ (0. lnm-0. 2 n m) 



11 

[ooi6] a i y-hzmmvitm-A i/a 

1 2O3/S i 0 2 /S i Pig&^-TSM I S*-r^> 
^<D^l:-Sffii|$tt^)^ss i O 2&m&&Zffls<1t 0 
®5l;#iS i O 2BgJ?£ 79 h'W.E.<D~>7 b 

g A V FB ©M«Sr*U^ 0 0 5;!>>fe, Si0 2 MJftjJ5 

TVS. *Ut, #ffiS i o 2 RJ?<o*g*: i i: fcKA v 
FBlW^< fct>, 0. 5nmei±©SiSi0 2ii5 

tas*>a> 0 fc 0 3.®, sio 
2^ro^figsa^3o ot:^^ 1 lootoiicn^t 

[0 0 17] Aro@«m??flS^p<* = XASr# 

tfrxSLfcJ; 5»-, S i o 2«ff*s»V^-g-{^ A 

1 2O3/S i #ffilC&Jg#)&A 1 OxSMl (A 1 

2 0 3 *»&0*J>:«Lfc«ll) *»**IC#4-*-*. Al 

2 o 3 ^j§7c$ixfc^ffi(DA 1 o x Afl;$f<E>$g 

**^a-c#«. av fb >3. 0 v*»e»jifit6ns 

@^ta^fi(±, 4xio 13 /cm 2 KiTfc5. - 
^» S i O 2^<^J*S(^#V^7 s» h^l' KSffi(Dv^7 

hmm>>-tz<?>^ ai 20 3*o»*^**-iiifc 

A 1 OxSd 5 «4>-f5fc«>i:#;t fetus. 
0. 5nmOSi0 2 l!)!#4t5i^; > Al 2 
O3/S i0 2 MoifMli-«t!i!) < AlOx 
■ s io 2 ^*v>4*i: ) a 1 oxiii 

^^S4xSWIi, Si0 2 /Si#g©J;5tAl20 
3/S i #B?r#i^lC-C#^^fcfti#^fetv5. Al 
2O3 b S iSS^ffiSrS^-^-frSfe^fcii, 0. 5n 
mJJl±(DS i 0 2 ^S'7 r g^^s- CfoS<> si0 2 l 
«^#)0. 3nmCf^ 19©A1 2ptf-©XPS 
(# 2 T?A 1 OxJi!P?H*LTV^« 

0. 3v#«Lfc. av kb = o. av^fejwitfen 
zmmwMm^ «54xio 1 2 /cm 2 -r?fcs. xp 

S^.^<^ h't'OtfftdS-e- Vvtfv^ 1 0 1 3 /cm 2 ltT 

[0018] et±©awt^fe*a$jifc % #SD#f£K« 

ftfcAl 2 0 3 y-Mft*««r»j*r«fcae>©*i©3B 
SB, Al 2 O3iSiSS©ffi|C0. 5nm«±^ 
ffiS i 0 2 KSr*-r5«igT'feS. ||Jfi+5^ x cnfe 
©*J'>4<tt 7 5 0 , C«T©toAWte#L-C£J&-e 
*^fHfi s A 1 20 3 W©l©h i g h-Kite 
»Rl;oV^tlfflT#5 0 Hf0 2 l, Zr0 2 E 
La 2 0 3 ^|^OV>r. #IS i 0 2 lft77y 

f , Zr, La ZMmmz 3 0 0 
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tp2»ffiS:3Ei5ritlHs i O 2«SJ9&S!l1UiL 

fc. Al 203tH«ICXPS^^^ TEMSil 

sy^y^-^tioTs i o 2 Kif«*ti)L 
fc. y- htt&liP t -cfcs. 0i!4>fe s -tvfeo5?!5®| 
tiff J6S:BI©4&-§-|;: ii , 77 y Kffi£E'>7 hSrlf 

B|;f5fc»l;MS iO 2 Ii:0. 5nmJil±Mt- 
W±tt, Y 2 03Ha 20 3 a^ 
©*±*Wfc*-*»H f S i O4*. Z r S i O 4 |g||£o 

/0 [00 1 9] KT, i2l;ffofcftltat 1 FET# 
ftt#ES i O 2^^£fi*0)|iS#U:oVNTf£&-r 
5. &BJ#fefi, A 1 2O3/S i 0 2 /S iff* 

ao^Sfcfttttril^fc. KftiSSfeilcioTAl 2O3 
/S i0 2 /S l«i6*r»j«L;fc«K: % ^fgtt#ffl£t* 
■C«*Ma«SrfTV\ A 1 FttMUL, ^fi-« 

h*<DBi^Sr^-r. vvfttwRfc 0. 5 nm- 
0. 7nmO#IS i0 2BIS:*t5llft-efc») 1 ItM 

5 otHT?*iitf, »«i*i:ikflPtfi:77 y 
"s K1EV7 h * J 4CSC t Utefr'itCo L*»U 8 0 
Ot^iOfMM&afcfTo 0. 5nm£LL<D|fl 

SS i0 2 »S#Stt'biiMii|;77j; h^>K 

ms.<DiEm&^y vtmmzixt* rtu*, ai 2 o 3 
/s i o 2 #ffi<D^^^iSja^ S(c j ;oT ^ ft;L 
fetus. ua»u ao^iaft xmiti&m 
a*)' «ffinmaj^2:fli'c^ tL<«-ttutiJi-e 

fctltf , 8 5 0 *C£t±©»»«t&aFfc# Ltt77yh 

"t"<t5»-, ^W#J)s^ttlLfc^l ro^^-cfeSA 1 2 0 
3iS iSK©fflt0. 5nm£l±©|lIS i0 2 liSr 

ftltt#H«K*JV^T, Al 2 0 3 tS iS«#S(C0. 
5nm»J:OMs i o 2 KSrUfiJc-fS i £ £ f 

S^^&ffcS. ctulciioT, 1 10 0t©iSifti 

+ ©*ft»aaSjKS!-Cifc* 0 0 2 #ffi5 t o r r 

©fi^t'T 1 1 ooot, ssx^Kisse^^s (RTO 

»S) Srife-f r ifAl 2 03 tSi »«OPfl|C 0 . 6 
nm©S i0 2 g^f5itj)S-p§5 0 ifc, 0 2 
Mltorr©fI^f-?1100'C, 5fJ>CDRTO 

iasSrJfi-t-wirr-A 1 2 o 3 £ s i sStofyjKo. e n 
m© S i O 2 MSrJgjS-r S r i: S. 
[0 0 2 0] JifHsg 2 0385Pte, A 1 2 0 3 ^|Sfe 
0 1\ ttK>AR«ffl&IUI«>»ift^rtt2: LT^T-fcS. 
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Km&'pm&m^x^xftms i o 2 gi&^Lfctg 

K> *Stt#H*+T«llM&««rfTofc D -t Lt> Pt 
^— N^Sb^^jeKL, MI S =¥■■*• ✓<S/'^ftcE>ajEEft:fi£ 
SrWfcLfc. @7|:ifsi«iiIttMI S*t^->?C5 

tO. 8nm©#SS i0 2 ISrft5fi[tfc5„ »fb 
•>7h*!iC5Ctl5^-ofc t L*>U 8 0 OtK± 

hummztiiz. mra, 8 0 ox:&,±(omu^miz 

i-=TBilfl:«iKiS i0 2 #B-CS i, O, Hf 
(Zr) aMSZttttLfcliMI L a> U g 

mmmsAx <o i>m\**m.m<Dmk&&m*-eftms i o 

W-t^^CtoSfiSfitS^m^^i: S iS«tf>P«5fc 
IBS i0 2 IS:Mnriiaot, noot© 

»*t5Ci#TS5. 4JLhti\ Hf0 2 . Zr0 2 ll 

fSe>-f, y 2 o 3 ^l a 2 o 3 if w^±«^k:ife, h 

f S i O4, Z r S i O4 ^OV>Tt^«-Cfc5o * 
fc, Hf^iDSi0 2 ^, ZrWOS i0 2 KTt^ 

mmtt&m-ebs. o 2 #jeei t o r r©#H 

T-l 0 0 or, 5 8><ORTO»afrJ6-t-ii:-cHR 
S i m&<Dffl^O. 7nmC5Si0 2 Bs 
Sfc, 0 2 #ffil tor r cogtffl^^-fl 1 

oor, s&cDRTo&mzm-tz izx-iii;mmte&mm 

t S i g&OfHJIc: l. OnmOS i0 2 K;4 5 /?Jcg-?-5 0 

[0021] iiE-cti, mmmftfemmt s i s«©ra 

#ffl^Ofi«ia-C®f^LT0. 5nmOSi0 2^I 
^Ufc«^iSRafls:|6|»KS:ltai-5r ft? 7 5 0<C:£A 

Si0 2 SI^S« 
«r&#&*&«iasy±fc-r * i i -e^^tt^jg; < &fr t - 

U SlR®ft:«6»ajg^lc:$e>^#ffiS i 0 2 BStfSj5fc 

t£. «^4aaa«*s l o o o'Ccoa-a-, fcro J: 5 ir^si 
«*»»lt*»*i-*ttf J:v^. SiSSSr0 2 »|S5t 
or rOfigf-eiOOOt, 5 g>CDR T Ofam&M 
i-^tX'O. 5nm©Si0 2 I«:Mt5„ * b^SJ 

&m&femmzmmLtimiz, o 2 #eei t o r x<nn & 
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i^tiooot, sftHDRTommzm-i-z. tarn 
[0022] tmmimmmh s i mmcomco s 

i0 2 ^->yay8gfl : g( Si0N ) Kg#&;t5 

±flE^fe-C^Lfc0. 5nmKJ:OSi02 
8SSr#i"5 KKmffcfcfclBI/ Si0 2 /Si $ & 

fc-r*, Sio 2 /Si#Bfti5l:N 

o#H^rofiias-cK{l:LTO. SnmttiosiON 
at 5 r 1 1 7 5 0 1 oiiftiiatft ffn 

ffcte, N 2 OftE. 1 0 t o r r (D^ffi|^4>-C 10 0 0 
t, 5g>OS5ig^fti3g$:^-t-r fT?0. 5nmOSiO 
Nl*f«t5r i:as-Ct4. S i ONm<DJ&&m& 

"?fc5„ S iSSSrHFffiMl:NH 3 fi^ifi7 0 0 
0. 5nmKiOSiONl^ti. ZCDm&hm 

s i oN^4r^-rs„ corns- i>@uk&mm%<nmm 

ffitv^RSr^-ct 5„ «sjx.«N 2 0«ta^«, N 2 
0»JI10torrO#l^TloOOt, 5©>©iS5 
jS^«ia?rJg-rc tXO. 5nmOS iONIg^Mt 
Srirj)ST?#5„ ±fa^«l3a-C I N 2 OfSa«ia«NO«! ! 3® 

MSiONgSrf^fi-i;^ y-^«**Sfefc 
» l/2HTt«lMt5rti}!-C#5. 

[0 0 2 3] WT, *3fCffofc«Wt LT, FET# 

li, Si*, =1^?— ^^fflv^^:A i 2 o 3 y 

-b«6»IKKo^-C^ff=fLfc 0 1. 5nmOAl 2 0 3 
^Sr*tW^l3 s O 2 5 T o r r CD&ffl-^.tpX' 10 0 
0t ( 5#Ofl5ii^a^?fV^ % #®S i O 2 J&£0. 

^> SttftMitLtlOOOt, 5#Wii5jS^ 
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F ETfcJ^EELfCo MI s *c J r;<'>?<D&m<Dm&.fcft 
3r»J£Lfc*g*, I©Si0 2 «flflil. 3nmt 

se^7 h&mmztift. ztitt^ i y- his 

£A 1 2 O 3#Bt*ge(j:-C§r*V^Cilt>, A 1 2 O 3 4> 
©»*^feSS i y- h«ffi{Zfc-f^lrfi£»LA I O 

S iO 2 i<03=^-f^w-y (^ftg^g 

Lfd (H 2 1 tOA 1 2 0 3 y- MgigkEI (Dm&) „ 
-ro^JSHU, MSv/P3yy-htAl20 3 # 

fc^i^^P,^^,,, I E DM' 0 0 Tech. Dig 
est pp. 1 4 5, 2 0 0 0 *1T^ 5 A 1 

20 3 Srffl^feNf^^;i/l©MI SFETfO^KiSfi 

3 «*#v*©w\ ai 2 o 3 /sii«if 

[0 0 2 4] S6*5tftff©tt*» M£S i/Al 2 
O 3 #ffi(-0. 5nmcos i o 2 ^Sr^-r.5rirlc:J: 

(i^CDiit)T*fe5„ 1. 0 nmOA 1 2 0 3 Kit«^§| 
#^#S i 2H 6 iH 2 Oj:ffiV>fcALCVDifel;J:o 
tSiO 2 Ilr0. 5nmJgJ*i-S„ SbJc, 
ffl£L©8&&JlK ±oTAl 2 0 3 /Si £«#SC 0 . 
5nm«J:roSi0 2 lg|rMt5„ y-* • KH*>- 

(ommt^mma 8 o oica-Wc***^ s^nf^s 

*tftt^ft»»a*0^jh<D«;ttfO2#flE5 t o r 
r CD^H^rp-e! o o 0 < C( 5 8>©i«3IHIM&«fcfT*.Wr 

7 h#fc<T, ^»)S(D^k^7iVN (J22 1 ^OA 1 2 
0 3 y-h*feftM FET^^-Ct-SClirSr 

attLfc « fcfcu wO^, a i 2 o 3 its i mm 
a i 2 o 3 ii^->!) =>s«#Bic^-r<x 

t.0. 5 nm«i©S i O 2&&&mT'h5>-?tlt>, y— 
1 . 6 nmffcofc, 

[0 0 2 5] fcfc, y- hm^tfi^i: LTifliD!^^^ 
MMLfc, MSiO 2 IfS-0. 5nmMlfc 
Al 2 0 3 i»(l. 5nm) y >^ 

fcK.fcoTT i NffiS£7&£Lfc&, JJ vy&Jc 

iorwwsritaufc. ^<nm&, Ai 2 o 3 tMa 

te, tofc#H$ft*ift5;iistft„ mis* 

t^OSiOa^flJi. 2nmffc- 5 fc, i 
SET i NRtt, y- M6»ili:W©SiSRFJh©fc«»£.K < 
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t?S>U, WN, MoN, TaN, Z r N, HfNfciftf) 

xa©*«i3aiMt6i±©iMbteaauE-eA i 2 o 3 it 

S i£«©ffllc#BS i 0 2 ^^^-t-5i irKio 

t, axao«A«fic»Lrse3e*FET i 

^*'t5. #ffiS i O 2 IKttS i ON^-Ctl^ 

[oo26] ±ief4, a i 2 o 3 ty- hm.mtt&<Dm 

Kiry-hmffiW^BBfiSSrW^fc. H fo 
2 ^Sr^J(C^ffTlftK^-So 3. 0nmOHfO 2 g5; 

h f c i 4 tH 2 o&m\'^z>ALcvT)mz.£-z>xmm 

bfc 0 StSi&««3 0 O'C-CfcSo ifcSl&KO 2 #jE 1 
TorrO#I^ttl 0 5 0t, 5 &<Om&mi&m& 
ft\>\ #®S i O 2 m&0. 8nm»*Lfcll, Ml 

Siy-h^MUfc, ^«b(r, y-K y— kw 

>mm^m^ ^-^^tr^iz,^ mmt&xmt l 
Tiosot, is>«>i«a«na3isrfTofc 0 ^ e> icgais 

20 JgfiKXa*rftfc»fc, MI SFETWU. MI S 

O 2 &3?&J¥l± 1 . 5nmr-fcofc 0 7 7^^ 

i'KtEWHtto. lVtlTffc!), MISFET 
m&wm*.. s io 2 S©a=/<!-t / ^-^ 0Mb* 

fc. Hi©!**!*, #Mfis i y- K«aitH f o 2 # 

S©t*tt*A 1 2 0 3 £ 9 tffittSCli:4:^L-CV> 
5. MISFET©BfITEM^ffrfT-Dfc^ H 
f0 2 i^Mi/ya>o|fi|:o. 5nmO#£i^ 

ALfcS i o 2 Sgt?feSi ir;6Sfo*>ofc 0 ^gsiy 
"^StAl 2 0 3 #ig{c(4, Rf£:®isafctL?iV>Cl 

Jfcil 5 i^xibtuS., CK»S i O 2 Sr^t-r 

»»£*#iJ«r5fc»i:*«M-« e Hfo 2 {c 

RRCj-f, Z r O 2 -Ct^T*>o)t 0 HfSiO 
4, Z r S i O 4 ±f2SJS£CS«J!.P)ix«:V^^ 

N, MoN, TaN, Z r N, H f N^C if ©3H8f<fey< y 

Asi±<omitmm&.mr'mmm.»mmmt s i a«©p^ 

WWSi0 2 ^Mf5;i|;j;ot, migWfRi 
fc, f i S i o 2 Rli S i O Nl? t *> 5„ 

[0027] ft, y- h&mmt lt, ai 2 o 3 i^i 
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ItWitfALCVDStioTO. 5nmOAl 2 0 
3«r»J*L*:*U:, IrJ C< AL C VDj£|c J; oT0iJ;tf* 
3. 0nm©HfO 2 I«ritat5, Lt, 1050 

tfrV\ Al 2 O 3 /SiMt0. 5nmOSi0 2 

^OSi0 2 «Wittl. 3nm, 7?yMy 

Pft*/H!OMI SFETO^KifttfjUftL^-i 
£»6f&L;fc 0 ±IEH f O 2K<E>ft;;fc>9 (CZ r O 2 lcov> 

[0 0 2 8] 01 0|C*il««c|MMI* + ^v*os i 

©s io 2 «t»«T**-*-a a. nit«» ec 
R^^^$l:iotMLfcAi 2 0 3 I©iA & 
mmm»7. 8, #BSiO2DW*»0. 8-nm-e*o 
fc„ Al 2 0 3 *Srl. 0nm-3. 0nm*S 

StiCttioT, MIffEOT=l. lnm- 

2. 1 nme>r—hnmm*mikrzz.b#-cit& m * 

fc, Bl IKS^tUfcEOTOBfllWLfc. iS5$| 
^frlfeSBISrfflV^Si t-es i O 2 ^l£Jt'<T y — 
SSSr 1 / 1 0 OJSlTfcjqw-*-* £ <b 
[0 0 2 9] BJRizlftffl Lfci 5 fc» 

«*tfcJ*B4*tt 5 F E T 4r««-*-,5 f~ hfemm 

M(OSio 2 (siON) Bii-e(oriat*ftfcBB-*-* 

ECR^yirft ALCVDffiCioT 

[0 03 0] 

<mmm \>mi i**&w<nm 1 oxiiMic^s^v^ 

[0 0 3 1] ffi^rft (10 0) , P*SS!, jg£g 2 0 c 

m&m <o p ^as-r * > <o a a t § i # s « l m 

asff WWW *>i£A £ SttftflMUI»ttKE&«D«># 
fe»-«t(?J6Ufc„ *:<D'&^ hV t^-^TivX-^J* [A 

1 (ch 3 ) 3 ] zmw#*iz^ H 2 o&mittfx\zm 
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^^S^iiaCVDS (ALCVDS) |:i ot 3 5 
OtT-1. 0nmOAl 2 O 3 ISriat5„ 
W-»«rtfC*3V^r, S i 2 H 6 tH 2 OSrffl^fcAL 
CVDfetiotS i O 2 KSr0. 5nmMf5„ 
LT, O 2 »E5torr©fl^>f>fl 0 0 0'C, 5 

sxoRToteatHrt-rt-cA 1 2 o 3 is isMi 

1-0. 6nm©S i0 2 l2«rWLt„ t(±roiSl; 
«toT, Al 2 0 3 iS i Ste£0ffl©0. 6 nmOS i 
0 2 K2 i:BiiS^M3 (1. OnmOAl 
2O3) tAl 2 O 3 g±©0. 5nmOSi0 2 l4 

[0 0 3 2] Sfefc, ^-|>«|5i45 100nm» 
I n-S i t nyyK-^#«IS ilBl5£ffi^L*: Q 
*S*tllC:t9V vrfii, ±IB I n - S i tu!J> h'-ygr 
^SiR5©M|;^y->7> (SiH 4 ) 

^ (ph 3 ) &m^6 3 ox;cr>m.mx-mi&& : ftoti 

(Ml 2) . ±IB I n - s i t u y > K-^»| S i 

-m&< iitMsioiiiiMo s (vmmzm^zmmy 

5#©S&ftl3£?To*:&, Ifiln-Si t \x]) > K— 
^*»*S i 5 ?ry- 5 l^^tijDI tfc„ 
[0 0 3 3] y-h««5Jg/*& % lOtttiOAs^ 
^S^nSS^/i^— 3 k e V, ilAI 1 X l 0 1 5 / 
c m 2 ©M-CSE^fSi^ t,^ t >tA SI^&BcJB 

<> BWf'^->'aASrSiS^r6]^bADitj:^yu^— 1 0 
keV, aAi4Xl0 13 /cra 2 45*#tHlL 

WcM7tL-tc a ftt 5 0 n mf ©V!) 3 >'®'(tIS'/7 

»ico*»*?«ju:a«s*-c**- h{H&&»ig8 <b l 

fc. ±!5y- NfillSiffe^SSr^ji-vaARaih-r^^ £ 
LTA s -C^-^SrXiD^^^df 1 — 3 0 k e V, &Afi 2 
x 1 0 1 5 /cm 2 (D^#r-Sit*|S]^e>^^-^aA 

u ummmgetetom 9 zMfchtt (mi 3) 0 

[0 0 3 4) ft^t, 1 0 0 01C, 5&<DmmT~~-/U 

^/<sr^y v^jfejcttJ^flS^aKitaL, sooti; 
S^CoKSrttRjritttf^^A^tt-r^L. Si 

stesrtHSP^awwjcco^y-y-^ k«i o^m^-^ 

S^FRg^AQ-a^ J; >p C o V -y-^ FK l 0 (Di&tg. 

rmmmm^mm 1 1 1 l^. g£&Bft3&ft!K0j?fg 
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<o'&. mmmmmmzm ^T^iz 

^SrSSitLfc (Hi) . rtvlrioT. S i 0 2 &gR 
6nm©MI SFET«rf^5„ I5CA 
1 2O3/S i I^ECDS i 0 2 flIIffi:77y h/*y 

vmzi/y yoymm^-rx. 5 1-. sitAi 2 o 3 # 

SKO. 5m£l±<OS iOsRSrMtSCli^ 
Mlia«t7 7 y h^>KmJE->7 hfoRff^t 

y- M6iui^B»ott{kin»a«#«r, y— 

TSr^T?t5 0 ±IE^rffi-c, y-* • K W >-co?&tt 

ikmt&mm.att: 1 0 5 otc, i»i:t5»*. y-nj 

*K&«R*0Rfl:ftttt9*ttM:, o 2 »Eltorr© 

[0 0 3 5] ±IS^#«:^B©igJ9|«^|6gtW3 tU 
Al 2 0 3 CDttfc>>5ICZ rOa^Hf 0 2 *Ifflf5i 
irtr-tS. Z r C 1 4 *flMBMf*K: % H 2 0£&{fc# 
^l-fflV^J!l^JUtaCVDife (ALCVD&) tio 
T3 00tt , 2. 0 nmtf)Z r O 2R£if £ <b 

Kl, PJ— ^BrttC&t^T, S i 2H 6 tH 2 O^V^ 
ALCVDfe|CioTSi0 2 I«r0. 5nmMf 
5 = "t LT> O 2 #EE5 t o r r £>^ffl^tp-ei 0 5 0 
"C, 5g>©RTOfelS:mfCZr02iSiSS 
<Offil-0. 8nmWSi0 2 l2S-MLfc„ «±C0X 
gK«fcoT\ ZrO 2 tSiS«©^ro0. 8nmOS 
i0 2 lt2&j«e»«ft:«JtK3 (2. 0 n m©Z r 
0 2 ) iZrO2llO0. 5nm(OS i0 2 84i>f) 

S i O 2 1 . 8 n m©M I S F E Tjfig (0 

1) 3rJgffcT?#S. 0 5, 0 7jr^$tt5<t 5fC S i 
tZrO 2 #il:0. 5mW±©S i0 2 I^f5 
- * ^ > ^— b tt*R&J&*<a gkfc!Ma9ft# ^y-^ 

tFETW-CJS. Hf0 2 IOf^ 2. Onm 
«Hf 0 2 R£Hf C 1 4 tH 2 OMv^ALCVD 
85fc.fcoT*«U ±«iraCfls«J5rife-eMI SFET 

±te, Z t0 2 ^Hf 0. 2 I=R&1\ Y 2 0 3 ^La 2 
0 3 *ifO*±«»M:». HfSi0 4 , ZrSi0 4 

ioTS i£«i ii«R«ft:&SR3<Z>#®<DS i0 2 
R2roRj?S r $ij»-f- S ^« )( - x jfrjRBjKt L<te«jEE& 
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torrOfl^tlOOOt, 5 $)>(DR T O&taSr 
IS-rr tt?SSKSft:it6i&ffll3 t S i m&i<Dfflizo. 7 
nmWS i0 2 !2MfLfc 0 0 2 »El t o 

rtO#»f?110 0t, 5S><ORTOAQ.aSrigt- 
- t-eS5K«**6i&R3 t S iSglOf^lCl. Onm 

too3 6j ±E¥*<«6«©y- bte&mmm. 
iz&mftmmm&i&mms b&fe&~>y = > 5 wins© 

S i 0 2 l4^©^TMf5w t fC**. 
10 -Ctt, Hf 0 2 «*«fc*»fTR9H-S. 2. OnmW 
H f O 2 R£H f C 1 4 tH 2 0*fflV^ALCVDft 
l^i-otilStS. SSiaStt3 0 0t;r**>5 o 
l:0 2 »ElTorrOfi^-?1 050t, 5g>© 
MSiO 2 l2lr0. 8nm|^ 
LfcgL MSS i h 5Sr»J*i-* Q * biz, _h|B 

10001C, 5g><OffiiifgiMa^i**m\ MI SFE 

»«it«j6*»B5TEM5HfrfcJ:oTR^fclt*, Hf 

ALfcS i O 2 Rtfc5: ktffrfa^fz. r<75i#, M 
I S^ + ^S^ORR-ORffftfcfcHfcbfcl**, R© 
S i O 2 &gRjpiJ 1 . 5nm-Cfco^: 0 75y 
K^jBEiyy MrteO. lVKTf*!),MISF 
ETO^Stl*(i> S i0 2 HOa=/ i !-tW-7' 

Lfc„ £fc s 01 1 ic^^tvS y — ^®gftt EOTOH 

±fc?- hi&mmti. ftmns i o 2 mz.tt^< 
30 ty-^itj-i/i 0 0 o&.Ticuw&jr'Zzz.b&ih 

^ofc. MftgkSI^A 1 2 0 3B*fflV^T. Al 2 

0 3 1±©S i0 2 l»4SrML'i^cfcS^ MIS 
^-T^S^tt, JESSES 0. 3V©77 5-MyKt 
S->7f4r^t, Sfc, ^iryrco^ft*« s Si0 2 
R4^&5*&-g-|cJt^T2 5%£lfrfZo !§rETEM# 
fr^Sl> i y- MStA 1 2 0 3 #ffifc; 

i O 2 Sr^i-TS^ffi/iaS/^^r;! (rfto-c, HfO 
2«3 t^*->y =>5©«^-14SriHt^i-5®SS:m 

ffi^tt, £ttAvy 3>]gjAftroj|!k&9# 7 0 o*CW± 
l-^5#^-(C^$^5o ^oT, Hfo 2 l3i:S i 

o 2 K2toKf t#^ss i y- hTjs, Siffl^a-e 

ffiSi«fM6»l8!3 =>>-50D#E(DS i O 2 

-T, Z r O 2 -C't^lr^ffiOS i O 2 JI4 ZMtfL-rZ 
V [0 0 3 7] ±fET-ti\ S^mfr^iitRi: S i S^Wffl 
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#H*©^*aS-CSffcLTO. 5nm©Si0 2 iSrf 
AUfcHKiX||«i|cMUt«rii8fi-e r fc-C7 5 otJJt 

i t n < 

fS55l««:*6»K^^lc$ &|:Ms i o 2 U^gl 

[0 0 3 8] ifcfc, ffiBtttffiftMBU: S i S«05ffi©S 
i0 2 it'/!)ayitft;i(SiON) fc«£&;tS 

#8sH\ ±|B*-}5feT*^ Lfc 0 . 5 n m£LtC5 S i O 2 
KSr*i-5i«aSS«:itel»K/S i0 2 /S iSfcfcSfe 
fcNO»S«r*f£i:-e, S i 0 2 /S i #ffittft{cN 
Sr^A-t-^^r&-efe5 0 NO$Q.S&#f3, «*.«9 0 0 
■C«A©NO#Hftf-Cl O^roaMttS-efcs. $2© 

O^ffl^O^feS-C^ Lto. 5 n mJW±CD SiON 

#fi, N 2 0#HE 1 0 t o r r ©#|H>}J-e 10 0 0 
TC, 5fK>*jfc*fc*M«:Jt-*-£ irT-O. 5nmOSiO 
NgtSr»rt-T*ii:*-et5 0 S iON|g©^lS 

(c#ffis i O 2 M^^gL^v^fktt#H^;-c>f^^ig|^ 

i-5ri#H*u^ 0 s&fc, ^3^&(i, worn*) 

TfcS. S i*S*rHFtt»«»CNH 3 #H«l'P7 0 0 
0. 5nmH±©SiON^«f5. i©»^t>® 
fc, N 2 O#ffl^>tiT-^«iST-#ffi|-0. 5nm£LL<7> . 

s i ot*m&M&-tz. zna&hmit&siMxamiBi 
mtiizmzmi&x-z M*.ifN2 0ftus*ftii, N2 

0*fflOtorr©#I^ri 0001C, 5£J><75i§5 
j*^A!iS«rJfe-rr tr-0. 5nm©SiONKWt 
5- ir#-C#5 0 iiE^^tar-N 2 OMliNO^I 

MSiONISrMtSrtt, y-^a*^$iblc: 
1 / 2 HTfc»«ti i t &X-$ 5„ 

(00 3 9]±Em A1 2 0 3 , HfOa, ZrO 5 
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2 & A L C V D jfcfc <t o T*t«-T 5 frRR L fc , 
*»^ffittriX»C|SP,*t,x 0 0y*.li, Al 2 0 3> Hf 
0 2 , Zr0 2> Y 2 0 3 , L a 2 O 3 # i*<0*±JS®f 

-7^yu-^-^ iz x^X, Ar©ft^tSr2 5 s c c 
m, O 2 (Dm&m.* 3 . 0 s c cmJCf&iapLfc. -t U 
10 X, —mmftcDiib-?, 2. 4 5GHzWv.f^DftS: 

U5 0 0WT$,5„ SfetC, 13. 5 6 MH z ©RFS 

5rti!-?#5. RFfflAii5oowt?$)5 0 mm.<z>m 

m&m<btiZ*. 5^*taf^MSrf|Pj»LriS5SI«ffite»K 
«r*i«U H-itrtt-2 0 0'C*>P)5 0 0t 

0>*ffi+*M&« (A r #H^, JE*7X10- 4 Tor 
r) SrJSLfc^fr, 19 ffHt«J:fr\ & 

*w,m~z>z. th-^mxhz 0 Hfsio 4 (z 

rSi0 4 ) (3, Stt^-y^ H;j;5^^5,^jjy 
fcL<lt HfCl 4 (Z r C I 4) , S i H 4 

*rJR»fcH 2 0*»ifc^|cfflv%fcc VDSctJ:oT» 

2 >H 2 te*$S93tf>|& 2 J: 5^#Sb 

^h^^^^^Sr^-t-^^fSllx-feiJSl 4, 015 

[0 04 0] S^fir (100) , PiSS, WM2 0 c 
•=tAl 2 0 3 l34rl. 5 nm(Dff^T^JE£Lfc 0 E 

c r *x s/ * y v^&is^jieij 1 tc^ ufeii 9 -cfcs. 

^ 1. 5nm©Al 2 0 3 B«t5fci!)©X 

^y^^B(J9#tLfc t LT, 0 2 »E5torr 
<Ofi$i>f-C1 0 0 0t, 5#WRTO^aSrJg-f-- t 
"CA 1 2 0 3 ^3 t S i mmi V>mz0. 6nmroSi 

0 2^M^iL.tc 0 & <bfc:NO#l8£v<t>T-9 0 0t, 1 
0#SijiS&«y8«TfT5 r .t-c, a 1 2 o 3 m3 isiS 

tel^WICO. 7nm©#SS iONl2^Lfc t 
mm&il Ic^^tLSJ; 5(-S i ONI^Sr^figL-fc^fcA 

1 20 3»«r*«t5witi>rtTft5. SiO 

f [004 1] IkiZ^ ftlMlCiftftffeSTaNy 
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-T5„ TaNUTiN, WN, MoN, Z r N, H f N 
-CfcflMDfcV\, SfcJcWiKjfic^tJi-cfcaw^— M 3 b 
(t>L<l2Mo) ^-^yy/itLOicvDffi 
fc.fcoT»J*Lfc. (12114) „ $ h \z.~7 * hlsiSx M& 

13a, 13bSrMt5. ^©ttiitlAs'ftySr 
k eV, SAil X 1 0 1 5 /cm 2 

^L^ 0 a«v N T±iB«v^»:«6 t-a^iitfrt < , b 

<O-i'^->aASrSe^|*]^ibJ0j$^^/u^— i o k e 
V, aAi4Xl0 13 /cm 2 mftfi«LA> 

7 t Lfc„ 5 0 n mJ?CD~>y n Vgg-fbJKSrT 0 ? X-^ 

0 1 5 /cm 2 <D^ftT*Sii^r|fi]^P,^^->-aAL, N 
®iB5»«ia;»«*^Lyt: (Hi 5) . 
[0 0 4 2] ^V^t, lOOOt, 5S>o^iiir=-yu 

-caA-r ^oflHa-flsaMaasrit Lfc. * & ic c o j&3r 

SJSCoKSr«L»i:iaS8ft7k3(l*ffi^TK?*L, Si 
S&gttig&ic^tfjicc p ~>y -y--f KM 9 £r^B&-ti:fc 

MNf ffi»«aa»c £i)c oV y -y-^ km 1 o <D<&mji 
mm&mmmm 1 1 1 ^b^^mo^s® 

«f-MnSrJ6LT^P>iai»^JRral£»|»S«-i: LtOT 
*^«t!9BBPSB4)-©^JcS^6<j^Wfflt*JSfl|Lfc. -too 

^SrKitLfc (12) 0 rtltiot, S i 0 2 &£M 
m&l. 3nm©MOSFETW-e#5„ HI 5 ©A 
1 2O3/S ilffi#I©S i 0 2#®BSJ¥t77y h 
^yKfJE^hoili^tJ:?^ SiSfiUA 
1 2O3l3C#It0. 5ma±roSi0 2 (SiO 

»«r»*T?#5. A 1 2 0 3 M3 iriS»^JR© 

ft-fbfel 3 a <a!m»i»3-tt#J;^fc*!>-r5*:ie>, 
Sit£3§£L/«£i,\, HI 6 w&f&fc&SIiSUE 
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±IE^feT-»i, SiSffiUAl 20 3 li3 <0#®£ S 

iON«2fct«rt-e, y-^«*«rs i o 2 W=Jt 

^1/5 0 0 K»«t5 iiiiftfc. 
[0 0 4 3] ±15 A 1 2 O 3 M0Ott;b'3KH f 0 2 , Z 
r0 2 , Y 2 0 3 , L a 2 O 3 & i?©#±S»fl:4fc, H 
fSi0 4 > Z r S i 0 4 MSrfflv>5 i 1 1 oIt6-Cfc 
5. li^SftJ6SK3, s iS«i tHiS^tR^ 
ffi©#Ms io 2 (Si on) M2o^xeii % mM 

3 a .tv^*, &®m.{*temm 3 1 « 

ffi,S^S<O^Yt;ife) l 3afiOR5(cS iO 2 

l%M&&m<0&fcV3 1 3 a (O^m^F ETMfS. 
-tlElr^L/ciiiJ T'fc^o *OTffe5S i£ 
« i i«5^m^*fe^M^ffi{c S i O 2 ( S i O N) M& 
0. Snmfilii^tSiii^ S i O 2 M<Z>Jl&8i&A 

[0044] *nmm 2 ts-^< h 7 >v 

h^^v 5 ^^ titti!L-C^4^A# < teZZ. 

< gam 3 > m 3 j4*^k wig 3 <Dmmm\z a 5 

&7jk-t-^f&8rmm-c$>*)mi 6*^1212 

[0045] *i\ ffi^i (100) , pmmm, w.m 

2 0c mffl^IS i J; 0 1 
tE»«PISffl© PfSI-f * vcd a A & 51 1 SEtf L^M 

ss-VHaffiMSffl-r^-vaAtsttftifRi^iasr^jtE^ 

nm^L 

siRiss-isonmtaiLti, ^>mtmm 

40 MSr 5 0 n m«a LT jg®{£»*6iHlg| l 1 Lfc 0 

tVftAL, 7M4fe«ft^l xio 2 °/cm 3 l 
*©»^«*S6fc»J*Lfc. av^lOSOt, lg> 

$-^&.A£:t&l,X''<>^XA — V5ik<Dtz.#)<D P$$.M%1<>< 

>^^^~V5±w:mm7 1 (iai6) . 

<0 [0 0 4 6]gg^^r, S i 3 N 4 Sr^ffifc*8IUfc«, 
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BSl7£Lfc. ±B#*s-y- hfl|«|ftttlti 7fcW*- 

^fiLA.iajfc^**& ur^Fttttitsasi x 1 o 2 <V C 

m 3 6«WNllil8ffira@ 9 ^^Lfct, 105 0 

(ia i 7) . 

[0 0 4 7] fcl^T. *7yK*fflV>TS i O 2 femm 

fc«fc 9-£®K?»<J#g|u 5 0 0 < Clc*5Jt-5^P^r= 
-*fcJ:S5/!)f^Kfl:t*Lfc. *S^Col8Sr«K 

18). lOIiCict, **««2-Ctt, ftMEIHfc 

l <o ± 5 k<t*- M&fftSS 2 coi/yt^ KM 

[0 0 4 8] j?<,^>y = >mitm&imi:±w\cm 

T*ffift!«fi»Ii i fcjBflftLfcfc, 8 0 Ot©Ii# 
*6WF»fcJ:9JF«fl : u ^5 -y- hmm 1 6 ©±iB 

KBfc*L;fcSK *7y^i^ts io 2 «tii4ro 
•iii*«:l**U maUl 8Sr»^Lfc (121 9) . 

[0 0 4 9] *s*lM!|3 0>J:5fc:y- httftRo^lc 
^feitoT. y — K^>j;|;coi/!1WKI10 

oT*«Lfc 0 0lJx.« x Al 2 0 3 i©i^ hy^?- 
/PT*3 = 9A [Al (CH 3 ) 3] *W&#*\^ H 
2 0^KYb^irfflV>5Jl^liafCVD& (ALCV 
DiSfe) lc:J;oT3 5 OtTl, Onm^Al 2 0 3 f$- 

3M*i-5. l5j-$Sgfti;:*i^-c, Si 2 H 6 i 

H 2 0*rfflVNfcALCVDj£^«to-CS iO 2 i«r0. 
5nm ^t5. ^LT, O 2 #JE 1 0 0 t o r r 
1^-7 0 010, eO&WRTOill^itrifA 
1 203tS ilgO^CO. 5nm©Si0 2 l2^ 40 

airoisiaot, Al 2 0 3 tSilS 
©IB©0. 5nm©Si0 2 f2iliilMIl3 
(1. 0nm<DAl 2 O 3 ) tAl 2 O 3 S|±©0. 5 

"fa 6. Zr0 2 , Hf0 2> HfSi 

O4, Z r S i 0 4 fflitlJALCVDit?rfflV^ft© 

J: 5 (cy- bmmm*M)&i-z. mtu-i* zro 2 no 

»£\ Z r C 1 4 i:H 2 0£rj!S*f, fi^tfSAL 
CVD&|rJ;oT2. 0nmroZrO 2 R?r«at5 o 
*®fi«li3 0 0tfj)5„ O 2 Ml0torr©# 5<? 
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lattTOO'C, 2 OexORTOAaS^Jg-rctTZ 
r O 2 JKi S i St£60^(C0. 6nmOS i0 2 f2Sr 

io#E(ds i o 2&&Mf&-rz>mtn ! mm.mi*^ &&m 
n^mmfn y 7 -< ^^k^ti.^m.m., utilise 

[0 0 5 0] §|#«*, BgnSBl sir, y-MS5t 

7V (SiH 4 ) i*t^7-f> (PH 3 ) SrMVN6 3 0 
10 t;©SS-Cl 0 0nmC0JtW*fTo^ 0 g^T5nmro 

»=J:0*a**TWNxl»««l 9 4r»J«Ufc«, 5 0 

TWy-MS2 0*«Lfe D aftl^T, 7 0 0t, 2 
0 5J-ro«ttYbr=-/PSr||lfiLfc^ > ^iSS-ffc^W«« 

Sr»*bfc (12 2 0) . 

[0051] tot, ffv N *>y avBMWMWSr^flBK: 
L-C*>WI*t::»e«u -t©jpafl:flF»fcJ:9BI!p» 
<o y-x . KWyffiii 2SV 

y MM^m 2 1 «r*tf mm*tei& u * h 9 

^v^^SrSSigLfc (E13) . Zr0 2 M^ In 
-sit u!)>K-7^SS ig5tZ r0 2 g3# 

i©sio 2 g4ii, 70 o^iDmmtmmmizm^iii 
SKLt^^iitfero-efes. rtui, Zro 2 M 

?0 bf, Hf O 2 T't|^fl;#I(0S i0 2 l4^S 
*Wio — ^r, HfSi0 4l ZrSi0 4 <om&, ±IE 

Si i£fili8LJt 0 ±IB^T)S-C^LfcMI SFETI; 

K«ft:|e»IR3jJSA 1 2 O 3 IS<04&-g-{Cl. 5nm, Z 
r0 2 , Hf0 2 i©f^|:i. 2nm, HfSi 
O4, Z r S i O 4 CDWi^-i' 1 . 4nm-T?fcoJt 0 * 

f [0052] «K«^if6^Ki: s i Xfiomos 
i O 2 ISSrv'y a^SftSYkK (S i ON) U:B#g|;i£ 

M<D^m.®>7*uy 7 s( jv^itz^^^g, mmzm 

^^^#lilc:S i O 2 (S iON) 14:0. 5nm«± 
C t »C «fc o T#ffi#ttlwfiEtVfc F E T *)gj^i- 
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[oo53] ^-rmmm 3 1 mmnnuxm i 9 K^-t 

<fc5&, y-^M K W vil;c o •>!) f-f Kgl 0 

-t"5„ #J;itf, Al 2 0 3 10i^ hy>f;>7;u* 
= !7A [Al (CH 3 ) 3] Ir, H 2 0&& 

it#x\zm\,^m*mmmcvnm (alcvdsi k 

iot3 5 0t-ei. 5nm©Al 2 0 3 IiJrfat 
•5„ -t It, O 2 1 0 0 t o r r <£>#||£t4'-C 7 0 
0*C, 6 0g>©RTO&l&«t;irAl 2 0 3 tS 
iStS<orai-0. 5nm©S i0 2 E2S:MLfc s &. 
iffllllciot, Al 2 O 3 iSiSg©ffl©0. 5 
nm©S i 0 2 K2fcS;Si«fls:i|6»ffi!3 (1 . 5 nmCD 

ai 203) 

t Zr0 2 , Hf0 2 , HfSi0 4 , Zr 

S i 0 4 ©i^liALCVDftSrffl^t»:roj;5 (c-7*— 
Mfe^RSr^ffc-TSo 0!lx.«, Hf0 2 gCi^ > Hf 
Cl 4 tH 2 0|rSa S^JrtSALCVDttlC 
<to-C3. 0 nm<DZ r O 2 SSiSr^ffir-r5o 
3 0 0t-e$>5 o O 2 #JE 1 0 t o r r ©#i^f?7 
0 0t, 2 0 #0 R T O&iSrSf r t T Z r O 2 g t 
Si£«<E>Wt-0. 6nm©S i0 2 K2Mf5„ 
JblSOifi^ iftR«ft:|§JtK3 tSiSfil <D#ffi<£> s 

I0 0 5 4J 9I««E#. RPH18C, SSlK£&JS£{fc 
Rl 3 a t/i5TaNS:ALCVDMfflV^2 Onm 

WN, Mo N, ZrN, HfNTtifo4V>, 
^*tL<ttCVDftfcJ:oT»)«Lft. t©t v ffv% 

u «»»*h?>s?;***«3iLfc (@ 4 ) . 

&T*ffiM&LrtMI SFETIiOV^ *f<S/#©S i 
0 2 &&RJ¥te, *»«tt*fe&R3aSA 1 2 0 

3W^I:i. 2nm, Zr0 2 . HfQ 2 f©i# j 
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t-1. lnm, Hf S i04, ZrSiC>4 <OW>it\~ 
1. 2nm-e&ofc 0 #HJ£0!J<Z>$§-g\ Al 2O3R3 

s i y— hws-g-^J; 5^i?ss i o 2lttt&s&a>o 

fc. Sfc, Zr0 2 , Hf0 2 , Hf Si0 4 , ZrS 
i O 4 ©f^> y */i~t*- hSffiOi^S{CSi£JiiS^ 
Sh«ri:ttft4>ofc. ±fSIIJfi01J-ef^KL/cFET* 

;0 [0055] liiif^^tK^ s i Sfirorics 

i 0 2 RSr->y (S i ON) tcfg#«|^5 

3*l<5»d-c*>3. fc*ru mmm&mmm3 1 s i s 

^SK#1ICS i0 2 (S iON) I5r0. 5nm^Jb 
J^fig-r S r £ (' J; o T^H^ttl-ffiixfe F E T 

[01] *&m<oftn<Dmtemiz.£z>mmn&r— ht& 

[in 2] *&m(Dm2(OMffiw\zi:z>mmm,^?— bm. 

[03] *&w<nm3<Dmmm\z£zmmmmt t - bm 
30 mmnn&>%: b 7 ^vxfozz&mmESo 

im4] *&m<o$g4(D'mm&ncj:z>mffimmy— bt& 

^Rf!#$l:£ h 7 ^ <D5£5jcEfBIU„ 

[0 5 ] K^^ftcR/ s i a«#S5co S i O 2 RJ?i: -7 

7v b^YmS.(DUy MA V FB oB8^Sr^-r0 o 
[0 6] «Magt 77 y h^y Klffi->7 M© 

ffl&%7F-tm (a 1 2 o 3 R) . 

[0 7] t^lfiSt77S' h/<y KiE->7 M© 

M^Sr^t-0 (Al 2 0 3 «^©g) „ 
[0 8] ECR^-7^8i©«i?^m 
[09] A 1 2O3/S i 0 2 /S i«ig(COV>TS i 

2 pS^f-t A 1 2 plfOXPS^ K/WSr^i-0 o 

[0io] ntnnftfemm/s io 2 /s i 

i o 2»&&mEor kmmmft&mmm<DMm* 

[011] K^S^ifgi&R/S i o 2 /s i 

0o 
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